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HERITAGE

e

* SECOND GENERATION OF EGGCRATE MODELER DEVELOPED
AT L3-COMM BRASHEAR, PITTSBURGH, PA. USED TO DESIGN
PRIMARY MIRROR, SUPPORT SYSTEM AND MIRROR
HANDLING EQUIPMENT FOR THE KEPLER PLANET FINDER.

* COMPLETE REWRITE FOR USE ON WINDOWS 7 AND ABOVE
OPERATING SYSTEMS.

* EXPANDED TO MULTI-SEGMENT MIRROR AS WELL AS SINGLE
MIRROR SYSTEMS.



INTEGRATED PRODUCT DESIGN
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Design tool allows evaluation and design of handling fixtures during the preliminary design
of the mirror blank. As mirrors become lighter, the difficulties of handling the glass during
manufacturing requires careful attention to these operations. Special reinforced features
were added to the blank specifically to aid the manufacturing process and reduce risk.
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CONVERT ANALYSIS TO DESIGN

. . 4.1 JDS Uniph )7/4 Ball Aerospace
() communicatons Jeonsone avorsmee G SR

Primary Mirror in Flipping Ring

The handling ring interfaces with special reinforced slots in the mirror
core. With the addition of storage shields, the unit can act as a
temporary container. Does not touch optical surfaces or fragile edges.
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THE FINAL PRODUCT




PROGRAM CONTROL WINDOW m

Arnold Lightweight Mirror Modeler (Ver 2.0) ﬂ
Quter Dia |2 Supports DISPLAY GRID |
Inner Dia  |0.25 " Each Segment |

# Whole Mirror DISPLAY MODEL
Cell Width  [0.3 |
WRITE MODEL
Lip Inner  |0.05 v Show Whole Grid
Segment Lip |0.05 [~ Show Supports SAVE | RESTORE |
Mirror Lip 0.1 [ Show Fillets MERGE NODES |
Num Rings |0 Modal (PSD) | Boule Mapping |
Grid Options | Optical | Reals | Core | Hexapod | Axial | Radial | Inertial Loads
N | Optical | Reals | Core. | Hexapod | Axial | Radial| |
Sgmt Gap ID'15 [” Outer Sgmt Lip [ Isogrid Front " Ccell Level 0
Merge Tol |0.025 | OuterMirror Lip | Isogrid Back " Cell Level 1
_ [ Inner Mirror Lip [~ Backface Holes ® Cell Level 2
Grid Zoom |1 i -
[ Circular Segment [T Core Projection
Segment Shown |1
) [ Circular Mirror ™ Include Fillets
Snnk Factor ID_DE

[v Seal Ring Outer [~ Off Center Pattern
[+ Seal Ring Inner " No Backsheet
[+ Seal Ring Mirror | Central Hole

[~ Segment Lip Ribs

Status




BOTH 2D AND 3D DISPLAYS
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GUI ALLOWS PAN AND ZOOM /DR
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numArea = 246
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Arnold Lightweight Mirror Modeler (Ver 2.0)

mfsﬂ MENT SHRINK HELPS UNDERSTAND

x|

Outer Dia |2

Model Statistics

Inner Dia |D-25

Cell Width [03
Lip Inner W
Segment Lip W
MirrorLip [0.1
Num Rings ID—

Sgmt Span ’17
Sgmt Gap ,T
Merge Tol W
Gnd Zoom h—
Segment Shown |1_
Snnk Factor ’W

|474 num Nodes

W num Elems
[20562155  weight (kg)
,W Area (m™2)
(112284  W/A (kg/m"2)

Modal (PSD) | Boule Mapping |

Supports
(" Each Segment

(8 Whole Mirror

[v Show Whole Grid

[ Show Supporis
[ Show Fillets

DISPLAY GRID |

[ |
DISPLA oprassep Display

WRITE

_save |

MERG

Grid Options lOpticaI] Reals | Core | Hexapod | Axial | Radial | Inertial

[ OQuter Sgmt Lip
[ Outer Mirror Lip
[ Inner Mirror Lip
[ Circular Segment
[ Circular Mirror

[v Seal Ring Outer
[ Seal Ring Inner
[ Seal Ring Mirror
[ Segment Lip Ribs

[ Isogrid Front

[ Isogrid Back

[ Backface Holes
[ Core Projection
[+ Include Fillets

[ Off Center Pattern
[ No Backsheet

[ Central Hole

" Cell Le
" Cell Le
® Cell Le

Status

Finished Making Model
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™NALSO ISOGRID AND SIMPLIFIED MESHF@M;

numPnts = 134 numpnts = 134
numLnks = 282 numLnks = 282
numarea = 162 numarea = 162
oD = 1.250 oD = 1.250
ID = 0.250 ID = 0.250
cell = 0.300 cell = 0.300
Seg Span = 2.000 Seg Span = 2.000
Seg Gap = 0.110 Seg Gap = 0.110




QUICKLY REMESH

Gr'ld
numPnts = 326
numLnks = 810
numarea = 498
oD = 1.250
ID = 0.250
cell ~ 0,150 e
Seg span = 2.000
seg Gap = 0.110 v N
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iLip = 0.050
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EETH——
numpnts = 278
numLnks = 828
numArea = 474

oD 2.000
ID 0.250
cell 0.300
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Seg Gap = 0.150
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ADD CENTRAL HOLE EASILY
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numpnts = 307
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numpPnts = 1591
numLnks = 4752
numarea = 2688
0D = 2.000 o) e i
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ODEL CIRCULAR SEGMENTED MIRROM

Bl Grid -lolx|
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SUPPORTS ISOGRID FACESHEETS m
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Grid
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Seg span 1.000
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RONT AND BACK ISOGRIDS SUPPORTF@A%

Bl Model 3D Display
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numArea
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WITH OR WITHOUT SEAL RINGS

Model 3D Display :
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MODEL STATISTICS ON THE FLY m

Arnold Lightweight Mirror Modeler (Ver 2.0) x|
Outer Dia |2 Model Statistics Supporis DISPLAY GRID |
Inner Dia ID.25 IBESD num Nodes (" Each Segment

# Whole Mirror DISPLAY MODEL |
Cell Width |D.3 [15751 num Elems |
WRITE MODEL
Lip lnner  |0.05 2064664 weight (kg) [+ Show Whole Grid
Segment Lip IDDE I-IT"["'-IE""'E Area (m-lﬂ} I_ Show SI.IPPGI'IS SAVE | RESTORE |
Mirror Lip 01 [1213405  W/A (kg/m™2) | Show Fillets e |
Num Rings |2 Modal (PSD) | Boule Mapping |
Grid Options | Optical | Reals | Core | Hexapod | Axial | Radial | Inertial Loads
Sgmt Span |1_25 | P | | | P | | | |
Sgmt Gap I[“.'11 [¥ Outer Sgmt Lip [ Isogrid Front " Ccell Level 0
Merge Tol |0.025 [+ Outer Mirror Lip ¥ Isogrid Back " Cell Level 1
¥ Inner Mirror Li [~ Backface Holes ® Cell Level 2
Grid Zoom |D-99 i P -
[ Circular Segment [T Core Projection
Segment Shown |1
) [v" Circular Mirror ™ Include Fillets
Snnk Factor ID_12

[v Seal Ring Outer v Off Center Pattern
[+ Seal Ring Inner " No Backsheet
[+ Seal Ring Mirror  [¥ Central Hole

[+ Segment Lip Ribs

Status |21 elems with bad aspect ratios




YANY OPTIC SUBSCRIPTION SUPPORTEM

Arnold Lightweight Mirror Modeler (Ver 2.0) x|
Outer Dia |f‘—‘ Model Statistics Supports DISPLAY GRID |
Inner Dia ID.25 IBBSD num Nodes " Each Segment |

& Whole Mirror DISPLAY MODEL
Cell Width |D.3 |157"51 num Elems |
WRITE MODEL
Lip lnner  [0.05 2064664  weight (kg) [¥ Show Whole Grid
Segment Lip ID-D5 I”'-[”54E Area (m~2) [~ Show Supports SAVE | RESTORE |
Mirror Lip 01 |12_134[15 W/A (kg/m™~2) [~ Show Fillets e |
Num Rings |2 'Modal (PSD) | Boule Mapping |
Grid Options Optical | Reals | Core | Hexapod | Axial | Radial | Inertial Loads
Sgmt Span  |1.25 p | | | Hexapod | | | |

SgmtGap 011 Radius [75 Coefficient(1)
Merge Tol ID.[125 Conic I-'l Coefficient(2)

logs  Asheric Order o Coefficient(3)

11|

Gnd Zoom )
Segment Shown |1 STEITEET
Srink Factor [012 Coefficient(5)

Status |21 elems with bad aspect ratios




CONTROL OVER MOST VARIABLES m

Arnold Lightweight Mirror Modeler (Ver 2.0) x|
Quter Dia |f‘—‘ Model Statistics Supports DISPLAY GRID |
Inner Dia ID.25 IBBSD num Nodes " Each Segment |

& Whole Mirror DISPLAY MODEL
Cell Width |D.3 |157"51 num Elems |
WRITE MODEL
Lip lnner  [0.05 2064664 weight (kg) [¥ Show Whole Grid
Segment Lip ID-D5 I”'-[”54E Area (m~2) [~ Show Supports SAVE | RESTORE |
Mirror Lip 01 |12_134[15 W/A (kg/m™~2) [~ Show Fillets e |
Num Rings |2 'Modal (PSD) | Boule Mapping |
Grid Options | Optical Reals |Core | Hexapod| Axial | Radial | Inertial Loads
Sgmt Span |1_25 P | P | | P | | | |
Sgmt Gap ID_” r, 1 ID_DDE Front Facesheet v Show " Matorial
| Back Facesheet how [ NrTar Matena
Merge Tol |0.025 r.2 |0.005 [~ s o e
3 [0.005 FrontIsoGrid Web [ Show
. foos © ron eb ['s C| Zerodur

Gnd Zoom I— _
Segment St |1— r,4 |0.005 OQuter Seal Ring [v Show " Ee
Srink Factor [p12 rS [0.005  Inner Seal Ring [+ Show ™ Fused Silica

r.6 [0005 Core Web [ Show  BK7

" Silicon Carbide

r.7 |0005 BacklsoGridWeb [ Show ricon

r,8 ID.D15 Front Outer Seg Lip [v Show

r.9 |D.D15 Back Outer Seg Lip | Show

Status |21 elems with bad aspect ratios




CONTROL OVER CORE DESIGN /b

Arnold Lightweight Mirror Modeler (Ver 2.0) x|
Outer Dia |2 Model Statistics Supporis DISPLAY GRID |
Inner Dia ID.25 IBES[] num Nodes (" Each Segment

¢ Whole Mirror DISPLAY MODEL |
Cell Width |D.3 [15751 num Elems |
WRITE MODEL

Lip lnner  [0.05 2064664 weight (kg) [¥ Show Whole Grid
Segment Lip [0.05 [1701546  Area (m~2) [~ Show Supporis SAVE | RESTORE |
Mirror Lip 01 [1213405  W/A (kg/m™2) | Show Fillets e |
Num Rings |2 Modal (PSD) | Boule Mapping |

Grid Options | Optical | Reals Core |Hexapod| Axial | Radial| Inertial Loads
Sgmt Span  |1.25 ptions | Optical | Hexapod| | | |

Sgmt Gap |[1_11 Front Depth ID.[1254

Merge Tol |0.025 Core Depth  [0.0762
Back Depth I[]_[)254

Gnd Zoom ID.BB-

Segment Shown |1 Total Depth IU.12?

Srink Factor |u_12 Core Layers |2

CoreWeb Fillet Radius |0.005
IsoGrid Fillet Radius ID.DDE

Status |21 elems with bad aspect ratios




HOLE MIRROR OR SEGMENT SUPPOR?AE?

Arnold Lightweight Mirror Modeler (Ver 2.0) x|
Quter Dia |f‘—‘ Model Statistics Supports DISPLAY GRID |
Inner Dia ID.25 IBES[] num Nodes (" Each Segment

& Whole Mirror DISPLAY MODEL |
Cell Width |D.3 |157"51 num Elems |
WRITE MODEL

Lip lnner  [0.05 2064664 weight (kg) [¥ Show Whole Grid
Segment Lip ID-D5 I”'-[”54E Area (m~2) [~ Show Supports SAVE | RESTORE |
Mirror Lip 01 |12_134[15 W/A (kg/m™~2) [~ Show Fillets e |
Num Rings |2 'Modal (PSD) | Boule Mapping |

Grid Options | Optical | Reals | Core | Hexapod | Axial Radial | Inertial Loads
Sgmt Span |1_25 P | P | | | P | |
Sgmt Gap  [0.11 [” Do Radial Support

T I Nu i |12

Merge Tol 0.025 m Points

G | Support Length I[l_15 =
rid Zoom 0.9% po ngt {m)

Segment Shown |1 Spring Rate IZDDD (N/m)
Snnk Factor ID_12 Start Angle ID (deg)
Fitting Mass |1 (kg)

Acceptable Near |1E—[15 {m)

Status |21 elems with bad aspect ratios




Model 3D Display

‘_ ﬂ":"?{’!’.&»
SO vy, 2l
7 SAYAVAVAV.SAVALS:,
_ O ALY S,
A

~

PN NENNNANEN
SIAVAY =X AVAVAY < AVA) >
AVAVAV.;S AVAVAVAVAY. SAVAVAVAVA'\
A CAVAVAY - AVAVAY o |
N VAVAY < _<. o, S <AVA
NAVAY. CAVAVAY/ 57/ AVAVAVAVA
W CAVAVAV < _AVAVAV -
M NNNZANNNNNET
PR\ \EEY |
ENNNANENNN
S AVAVAV . < AVAVI),"
VAV S AVAVAYAT

RO 7\ 7

VA DN N

|




AXIAL AS WELL AS RADIAL STYLES m

Arnold Lightweight Mirror Modeler (Ver 2.0) x|
Quter Dia |1.25 Suppaorts DISPLAY GRID
_ I (" Each S it
Inner Dia 025 & Whole :g men DISPLAY MODEL |
Cell Width 03 — WRITE MODEL |
Lip Inner  |0.05 v Show Whole Grid
Segment Lip ID.DE ¥ Show Supports SAVE | RESTORE |
Mirror Lip |01 I Show Fillets MERGE NODES |
Num Rings |0 'Modal (PSD) | Boule Mapping |
Sgmt Span IT Gnd Oplionsl Oplicall Fteals' Core | Hexapod Axial |Ftadial| Inertial Loads|
Sgmt Gap |[1_11 Diameter Siart Ang Spring Rate [+ Do Awxal Support
oo Pnis (m) (deg) (N/m)
Merge Tol [0 iz |oss [15 [2000
Grid Zoom [0.99 [ [0 o o
Segment Shown |1 [ o o o Fitting Mass |1 (kg)
Srink Factor [012 o o o o Support Ground [05  (m)
o o o o Acceptable Near [IE05  (m)
oo o o
Status |Finished Building Gnid




Model 3D Display




m@m ANY VARIETY OF HEXAPOD SU PPORTM

Arnold Lightweight Mirror Modeler (Ver 2.0) x|
Outer Dia |2 Model Statistics Supporis DISPLAY GRID |
Inner Dia ID.25 IBES[] num Nodes (" Each Segment

¢ Whole Mirror DISPLAY MODEL |
Cell Width |D.3 |157"51 num Elems |
WRITE MODEL

Lip lnner  [0.05 2064664 weight (kg) [¥ Show Whole Grid
Segment Lip [0.05 [1701546  Area (m~2) [~ Show Supporis SAVE | RESTORE |
Mirror Lip 01 [1213405  W/A (kg/m™2) | Show Fillets e |
Num Rings |2 'Modal (PSD) | Boule Mapping |

Grid Options | Optical | Reals | Core Hexapod | Axial | Radial | Inertial Loads
Sgmt Span  |1.25 P | optical | | | | |

™ Do Hexapod
mt Ga I[Zl_1 1
>0 P Upper Diameter |1.2 {m)

Merge Tol |0.025
S Lower Diameter |1.5 {m)
Grid Zoom fo.99 Height (ground) [0.5 (m)
S Shown |1
egment Start Angle o (deg)

Srink Factor ID-12
Upper Spread |3U (deg) Spring Rate IEDDDDD (N/mi)
Lower Spread |5 (deg) Fitting Mass |1 (kg)
Acceptable Near |1E—[.'!5 {m)

Status |21 elems with bad aspect ratios




L. 0¥ WHOLE MIRROR OR EACH SEGMENTM

x Model 3D Display




€ DB ENERATE STATIC LOADING CONDITIONSWRE

Arnold Lightweight Mirror Modeler (Ver 2.0) x|
Outer Dia |2 Model Statistics Suppaoris DISPLAY GRID |
lnner Dia  |0.25 6830 num Nodes " Each Segment T e |
Cell Width |03 [15751 num Elems @ Whole Mirror |

WRITE MODEL

Lip lnner  |0.05 2064664 weight (kg) [+ Show Whole Grid
Segment Lip ID-D5 I”'-[”54E Area (m~2) [~ Show Supports SAVE | RESTORE |
Mirror Lip 01 [1213405  W/A (kg/m™2) | Show Fillets e |
Num Rings |2 'Modal (PSD) | Boule Mapping |
Sgmt Span IT Grid Oplionsl Oplicall Fteals' Core | Hexapud' Axial | Radial Inertial Loads |
Sgmt Gap |01 Accel X — e [~ Calculate Static LCs
Merge Tol 0025 1 ID I[:' ID num Loadcases ID

2 o 0 0
Grid Zoom |D-99 a :u :u :D
Segment Shown |1
Srink Factor [012 4 o o [

5 |o 0] o

6 o 0] o

7 o 0] o

8 o o o

Status |21 elems with bad aspect ratios




£ GENERATE DYNAMIC LOADING SETS m

Arnold Lightweight Mirror Modeler (Ver 2.0) x|
Outer Dia |2 Model Statistics Suppaoris DISPLAY GRID |
X " Each S t
Inner Dia ID.25 IBBSD num Nodes & Whote :5_3'"'9“ ol L |
Cell Width |03 [15751 num Elems irror |
WRITE MODEL
Lip lnner  [0.05 2064664 weight (kg) [V Show Whole Grid
Segment Lip ID-D5 I”'-[”54E Area (m~2) [~ Show Supports SAVE | RESTORE |
Mirror Lip 01 [1213405  W/A (kg/m™2) | Show Fillets e |
Num Rings |2 -Grid 0pli0ns| Oplicall Realsl Core | Hexapodl Aocaal I Ftadiall Inertial Loadsl
SqmtSpan [125 | Medal(PsD) | Boule Mapping |
Gap [011 [¥ Calculate Modes
Sgmt P num Modes |1[] f1 f2 3 4 | i) f6 7
Merge Tol  [0.025 - glo Jo Jo Jo o Jo o
Calculate X PSD

Grid Zoom [0.93 e g2 [0 o 0] [0 o [0 [
Segment Shown |1
Srink Factor [0.12 [ Calculate Y PSD | oo Jo Jo o o o

g2jo fjo o jo jo jo o

[ Calculate ZPSD o o o o o o o
g2 |0 [ 0] [ o o [
Status |21 elems with bad aspect ratios




(IN WORK) ULE CTE MAPPING @Aﬁ;

Arnold Lightweight Mirror Modeler (Ver 2.0) x|
Outer Dia |f‘—‘ Model Statistics Supports DISPLAY GRID |
Inner Dia ID.25 IBES[] num Nodes (" Each Segment

& Whole Mirror DISPLAY MODEL |
Cell Width |D.3 |157"51 num Elems |
WRITE MODEL
Lip Inner  [0.05 [206.4664  weight (kg) [¥ Show Whole Grid
Segment Lip ID-D5 I”'-[”54E Area (m~2) [~ Show Supports SAVE | RESTORE |
Mirror Lip 01 |12_134[15 W/A (kg/m™~2) [~ Show Fillets e |

:Grid Oplionsl Oplicall Realsl Core | Hexapodl Axal I Ftadiall Inertial Loadsl
Modal (PSD) Boule Mapping |

Num Rings |2
Sgmt Span |125
ID_1 1

Sgmt Gap I Boule Da

nput Boul ta Input Boule Assign Data
Merge Tol ID-025
o I@ Write Boule Data Wnte Boule AssignData
Segment Shown |1 Load Boule Data Load Boule AssignData
Snnk Factor ID_12

List Boule Data Map Boules to Model

Status

21 elems with bad aspect ratios




FUTURE ENHANCEMENTS

e

FINISH CTE MAPPING

LOCALIZED MESH REFINEMENT AT ATTACHMENT POINTS

REAL CONSTANT BASED COLOR 3D DISPLAY OF MODEL
AUTOMATIC BAD ASPECT RATIO ELEMENT FLAGGING/PLOTTING
HEXAPOD GEOMETRY OPTIMIZATION

EXPAND ANSYS GENERATED DATA SUMMARIES

ABACUS OUTPUT FORMAT (LOW PRIORITY FOR NOW)
NASTRAN OUTPUT FORMAT (NEEDS SPONSOR)

USER MANUAL
TUTORIAL(S) ON HOW TO USE MODELER
SHORT COARSE IN ADVANCED MIRROR DESIGN METHODS



